M-9455 US 



CLAIMS 




What is claimed is: 



1 . An apparatus for measuring one or more parameters of a diffracting structure on a 
5 sample, said apparatus comprising; 

a radiation soWce that emits broadband radiation; 

a polarizing element, said radiation passing through said polarizing element 
toward said sample, sai^ ra^tion being normally incident on and reflected off said 
diffracting structure/on said samnle, said reflected radiation passing through said 
10 polarizing element, atleast oneyof sMd4iolarizing element and said sample are rotatable 

to produce a relativ^ rotatic^:F(Detween said polarizing element and said diffracting 
structure; and 

13 a spectrograph that deters the intensity of spectral components of said reflected 

j5 radiation after passing through said polarizing element at a plurality of polarization 

2' 15 orientations between said polarizing element and said diffracting structure. 



;3 2. The apparatus of Claim 1, wjherein said spectrograph produces a spectrograph signal for 

said spectral components and a pluralijy-ef^larization orientations, said apparatus further 
:g comprising a computer system for/^mlyzing sa^I^^ectrograph signal to determine said one or 

: J 20 more parameters of said diffracting suructure on said^s^mple^^^aid computer system comprising: 
□ at least one computer conneoied to said spectrograph to receive said spectrograph 

signal; and 

a computer program executed by said at least one computer, wherein said 
computer program includes instructions for: 
25 extracting spectral information from said spectrograph signal. 



3 . The apparatus o^ Claim 2, wherein said computer program further comprises instructions 
for: 



30 



constructing an c^p^al in^del simulating said diffracting structure using at least 
one variable paramcten' 

calculating-sj^ctral information for said optical model; and 
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curve fitting s ud^calculated spectral information to said extracted spectral 
information to detern ine said one or more parameters of said diffracting structure on said 
sample. ^ 

5 4. The apparatus of Claim 3, wherein said computer instructions for cvirve fitting comprise 
computer instructions for using a non-linear regression routine. 

5. The apparatus of Claim 3, wherein said computer instructions for curve fitting comprise 
computer instructions for: 
1 0 comparing said extracted spectral information and said spectral information for 

said optical model; 

adjusting said at least one variable parameter of said optical model; 
recalculating spectral information for said optical model; 
;i comparing said extracted spectral information and said recalculated spectral 

information for said optical model; .and 
□ repeatably adjusting said at least one variable parameter, recalculating spectral 

information for said optical model, and comparing said extracted spectral information and 
G said recalculated spectral information for said optical model until an acceptable fit is 

n achieved. 



6. The apparatus of Claim 3, wherein said computer instructions for constructing an optical 
model and calculating spectral information for said optical model comprise computer 
instructions for using rigorous coupled-wave analysis. 



25 7. The apparatus of Claim 2, wherein said computer instructions for extracting spectral 



information from said specfrograph signal comprise computer instructions for: 

calculating the sample reflectance for a plurality of wavelengths of said radiation 
and a plurality of polaJriza^on orientations of said polarizing element relative to said 
diffracting structure; am^ 

30 curve fitting\said;^ample reflectance for said plurality of wavelengths and said 

plurality of positions with:^ 

R(&) = A' cos^ (A- &) + B' sin^ - 0) + C • cos^ (^z) - 0) • sin^ ((^ - ©) 
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where R(©) is the 
orientation of said 




ed reflectance at one wavelengths, 0 is the polarization 

element with respect to said diffracting structure, and ^, A, 



B, and C, measurable, t^ obtain said spectral information. 



5 8. The apparatus of Claim 7, wherein said computer instructions for curve fitting comprise 
computer instructions for using a non-linear regression routine. 



10 



9. The apparatus of Claim 1, wherein said spectrograph comprises: 

a dispersing element that disperses said polarized beam into spectral components; 

and 

an arrayV^f detector pixels that detect the intensity of said spectral components. 



^ 10. The apparatus of Claim 1, wherein said polarizing element is a rotatable polarizing 

■Jn element that rotates relativeifo said diffracting structure. 

Ins 

G~ 11. The apparatus of Claim V said apparatus ftirther comprising a sample stage, said sample 

I : ^ 

O being held on said sample stage, wJr6i^iiisM4^sample stage rotates said diffracting structure 
relative to said polarizing element. 

vQO 12. The apparatus of Claim 1, said aRparatms ftutiier/comprising an r-9 sample stage, said 



sample being held on said r-9 



ample stage 



13. A method of measuring at least^e par^eter of a diffi-acting structure, said method 
comprising: 

25 (a) passing broadband radiation throu^ a polarizing element to produce polarized 

radiation; 

(b) directing said polarized radiation to beYormally incident wth said diffracting 
structure, said polarized radiation being reflected off by said diffracting structure on said 
sample; 

30 (c) analyzing the reflected radiation with said p\3larizing element to produce an 

output beam with a polarity orientation; 

(d) detecting the intensity of spectral components df said output beam; 
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10 14. The method of Claim 13, further comprising: 

generating a reference database of different diffracting structures having at least 
one variable parameter related to a plurality of wavelengths and a plurality of 
orientations; 

comparing said detected intensities of said spectral components to said database 
':^^5 to determine said at least one parameter of said diffracting structure. 

15. The method of Claim 13, wherein producing a relative rotation between said polarizing 
element and said diffracting structure comprises rotating said polarizing element. 

16. The method of Claim 13, wherein producing a relative rotation between said polarizing 
^£1 element and said dif&acting structure comprises rotating said diffracting structure. 

17. An apparatus for measuring one or more parameters of a diffracting structure on a 
sample, said apparatus comprising: / 

25 a metrology device that measures the reflectance of said dif&acting structure on 




compnsmg: 



30 



at least one <M)mpijter COTifiected to said metrology device; and 
a computer program executed by said at least one computer, wherein said 
computer program includes instructions for: 

extracting spectral information from said reflectance measurement; 
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constructing an optical /nodel simulating said diffracting structure 

using at least one variable parameter; 

calculating spectral i^ormation for said optical model; and 
using non-linear recession to curve fit said calculated spectral 
5 information to said extracted spectral information to determine said one or 

more parameters of said diffracting structure on said sample. 

18. The apparatus of Claim 17, wherein said metrology device measures the reflectance at a 
plurality of wavelengths and a plurality of polarization orientations, wherein said computer 

10 instructions for extracting spectral informatipn from said reflectance measurement comprise 
computer instructions for: 

curve fitting said sample re/lectance for said plurality of wavelengths and said 
plurality of positions with: 
3 R(0) = A . cos\<p y<SJ^^' sin\(^ - ©) + C • cos\<^ - 0) • sin'((Z) - 0) 

^yl 5 where R(0) is the measured reflictanSe at one wavelengths, 0 is the polarization 

^ orientation of said polarizing elemeru Avith respect to said diffracting structure, and ^, A, 

B, and C, measurable, /o obtain saidfspectral information. 

19. The apparatus of ClairiT^l.8jk2merein ^id computer instructions for curve fitting comprise 
r^O computer instructions for using a non-linear regression routine. 



25 



20. The apparatus of Claim 17, Avherein said metrology device measures the reflectance at a 
plurality of wavelengths and a plurality of polarization orientations, wherein said computer 
instructions for extracting spectral/information from said reflectance measurement comprise 
computer instructions for directly /calculating said spectral information from said reflectance 
measurement. 



21 . The apparatus of Claim i7, wherein said computer instructions for curve fitting comprise 
computer instructions for: 
30 comparing said Extracted spectral information and said spectral information for 

said optical model; 

adjusting said dt least one variable parameter of said optical model; 
recalculating spectral information for said optical model; 
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comparing said extracted spectj'al information and said recalculated spectral 
information for said optical model; anp 

repeating adjusting said at lea: it one variable, recalculating spectral information 
for said optical model, and comparing ; said extracted spectral information and said 
recalculated spectral information for ;;aid optical model until an acceptable fit is 
achieved. 



22. The apparatus of Claim 17, wherein/said computer instructions for constructing an optical 
model and calculating spectral information/for said optical model comprise computer 



7 



10 instructions for using rigorous coupled- wave analysis 



23. A method of determining one or more parameters of a diffracting structure on a sample 



-15 



said method comprising: 

acquiring a reflectanc 
extracting spectral i 
constructing an optj 
one or more parameters; 
. calculating spectra 
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\ 

gnal yom said diffracting structure on said sample; 
from said reflectance signal; 
imulating said diffracting structure using variable 



ation from said optical model; 



curve fitting said extracted spectral information and said calculated spectral 



information and adjusting saic 



variable one or more parameters to determine said one or 



more parameters of said diffrs cting structure on said sample. 

The method of Claim 23, wherein curve fitting comprises: 

comparing said extrac ted spectral information and said spectral information for 
said optical model; 

adjusting said variable one or more parameters of said optical model; 

recalculating spectral information for said optical model; 

comparing said extra :ted spectral information and said recalculated spectral 
information for said optical ] nodel; and 

repeatably adjusting said variable one or more parameters, recalculating spectral 
information for said optical model, and comparing said extracted spectral information and 
said recalculated spectral inf )rmation for said optical model until an acceptable fit is 
achieved. 
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25. The method of Claim 23, wherein/constructing an optical model and calculating spectral 
infomiation for said optical model comprises using rigorous coupled-wave analysis. 

26. A method of determining one^a^-i^ore parameters of a diffracting structure on a sample, 
said method comprising: 

acquiring a refleclfance[ sigrikl from said diffracting structure on said sample; 
extracting spectral^slomiatibn from said reflectance signal; 
performing a rigorous coupled-wave analysis using non-linear regression with 
said extracted spectral infomiation to determine said one or more parameters of said 
diffracting structure on sam sample. 

27,. An apparatus for measuring one or more parameters of a diffracting structure on a 
sample, said apparatus comprising: 

a radiation source that emits broadband radiation, said radiation is normally 
incident on said diffracting structure; 

a polarizing element in the beam path of said broadband radiation; 
an r-9 sample stage for holding said sample with said diffracting structure; and 
a spectrograph that detects the intensity of spectral components of radiation 
reflected off said diffracting structure. 

28. The apparatus of Claim 27, wherein said radiation passes through said polarizing element 
toward said sample, said radiation is reflected off said diffracting structure on said sample, said 
reflected radiation passing through said polarizing element, said polarizing element being 
rotatable to produce a relative rotation between said polarizing element and said diffracting 
structure. 

29. The apparatus of Claim 28, wti^ein sai^ spectrograph detects the intensity of spectral 
components of said reflected radiation a ffgfpassing through said polarizing element at a plurality 
of polarization orientations between l^ai^olarizing element and said diffracting structure. 
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